PKC activation
and translocation may also play roles in long-term responses such as gene expression and cell proliferation (Fig. 1 ). For instance, PKC has been shown to affect DNA synthesis by activating serum response elements associated with immediate early gene transcription (11). These effects may be related to the finding mentioned above that PKC is prominently located to a nuclear area in vascular smooth muscle.
Several lines of evidence also suggest that PKC modulates ion conductance by phosphorylating membrane proteins such as channels, pumps, and ion-exchange proteins, PKC has been proposed to play a role in extrusion of Ca2+ immediately after its mobilization into the cytosol; the Ca'+-transport ATPase is a possible target of this protein kinase. The Na+-H+ exchange protein has been reported to be another target that is activated by phorbol esters or by permeant DAG analogues, and thereby PKC may function to increase cytoplasmic pH (11) (Fig. 1 4.
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Morgan. Regulation of force in skinned, single cells of ferret aortic smooth muscle. Pflugers Arch. 416: 742-749, 1990 . Griendling, K. K., S. E. across the intestine, and excrete excess salt (= diffusional + intestinal gain) via the gills. Teleosts also lack a loop of Henle and therefore do not produce a urine that is hypertonic to the plasma, despite the fact that, like in the shark kidney, secretion of NaCl apparently takes place in the proximal tubule (3) .
It is of interest to note that NaCl transport across the shark rectal gland, teleost intestine, shark and teleost proximal tubule, and teleost gill are all via the Na-K-Z1 cotransport system, which is sensitive to loop diuretics (e.g., furosemide) and also is present in the thick ascending limb of the loop of Henle, as well as a variety of other cells and epithelia (10). The only variation is that the cotransporter is apical in the intestine but basolateral (along with Na-K-activated ATPase) in the shark rectal gland, shark and teleost proximal tubule, and teleost gill, all secretory rather than absorptive epithelia. Freshwater teleosts excrete large volumes of dilute urine to counter the osmotic influx of water and extract needed Na and Cl from the medium via Na-H and Cl-HCO, exchange in the gill epithelium, although there is some evidence that Na and H movements may be linked electrically rather than biochemically. Thus fish utilize renal, rectal, intestinal, and branchial epithelia in osmoregulation (5).
ANP effects on fish osmoregulation
The sequences of teleost (eel and killifish) and shark (dogfish) hormones in the ANP family ( Fig. 1) have only been known for 18 mo, so the majority of studies examining a putative role for these hormones in fish osmoregulation has utilized in both the freshwater trout and the marine toadfish, although in both cases quite high concentrations (-0.1 PM) were necessary. Importantly, the toadfish is aglomerular, directly demonstrating for the first time that ANP-induced natriuresis could be produced without changes in GFR. At least in the freshwater trout, the ANP-stimulated natriuresis was significantly larger than the diuresis, somewhat surprising in a fish facing hyponatremia, and suggesting that salt extrusion was more sensitive to ANP than water extrusion. Natriuresis in both of these species may have been secondary to ANP stimulation of proximal NaCl secretion (see above) in a manner similar to that demonstrated for the shark rectal gland and teleost gill (see below), but this proposition remains unstudied.
More recently, it has been shown that physiologically relevant concentrations of ANP (-130 pg/ml) actual1 y produce a fall in the GFR in the shark SquaJus acanthias, although volume loading, caused by placing this species in 90% seawater, resulted in glomerular diuresis subsequent to injection of the same dose of mammalian ANP (2). This suggests the interesting possibility that the renal response may be keyed to the salinity, although the shark also faces a volume load in seawater (see above). Nevertheless, it is clear that the expected correlation between volume load and diuresis is not supported by the extant data in fish, and additional studies are warranted.
The Volume 7/February 1992 NIPSconsistent with ANP's inhibition of salt uptake across the intestine (see above), despite the uncertainty about the osmoregulatory utility of this effect in marine teleosts (see above). Studies investigating this potential inhibitory activity of ANP on the renin-angiotensin system in fish need to be undertaken.
ANP effects on hemodynamics
ANP has also been shown to be vasoactive in fish. Infusion of mammalian ANP produced a fall in pressure in the dorsal aorta of both the shark (2) and the eel (13) but increased the dorsal aortic pressure in the trout, apparently via release of other hormones (citation 96 in Ref. 6) . Infusion of the newly described eel ANP (13) or eel CNP (15) also produced systemic hypotension in the eel, with a greater efficacy than human ANP, suggesting increased sensitivity to homologous peptides. Correlation between systemic blood pressure and salinity in fish is unclear, but, intuitively, one might suspect that ANP-induced hypotension would be physiologically relevant in freshwater, rather than seawater, fish.
Using vascular rings from the ventral aorta of a teleost, shark, and hagfish, we demonstrated that rat ANP produces relaxation with a half-maximal effective concentration in the nanomolar range, a sensitivity similar to that described in isolated mammalian vascular smooth muscle rings (Fig. 2) . Interestingly, eel ANP and killifish CNP do not show any greater efficacy in relaxing ventral aortic rings from a teleost, suggesting that there may be as much variability of ANP sequences within the piscine vertebrates as within the vertebrates generally. There are not enough fish sequences published yet to determine whether this is true, but at least eel and killifish CNP differ by only one amino acid residue and shark CNP by four or five from the other two (Fig. 1) . Finally, the sensitivity of the toadfish (teleost) aortic rings to rat ANP increased lo-fold when that species was adapted to 5% artificial seawater (citation 34 in Ref. 6), suggesting upregulation of receptor numbers correlated with a fall in plasma ANP in lower salinities.
•I TOADFISH:SEA WATER It was also shown, using isolated perfused toadfish (teleost) heads, that rat ANP produced a net fall in the vascular resistance of this complex vasculature, suggesting that ANP vasodilates the branchial vasculature, which presumably predominates in the perfused head, as well as the ventral aorta (citation 34 in Ref. 6). Because increased perfusion of the branchial vasculature would probably also be associated with an increase in the surface area for net osmotic and ionic losses, it is difficult to see the adaptive value of this response, at least with regard to osmoregulation.
Could it be that the ANP family of peptide hormones had some function in the original vertebrates, not associated with defense against osmotic and ionic problems in nonisotonic solutions such as seawater and freshwater? The fact that rat ANP vasodilates in the ventral aorta of the hagfish (7), which does not have any substantial osmotic or ionic problems in seawater, suggests that this might be the case.
Clearly, further studies on putative roles for ANP in fish physiology are warranted. However, it is clear that these "lower" vertebrates give us an important opportunity to study the evolution of both the structure and function of the ANP family of peptide hormones. The midgut of some insects actively transports K+ from blood to lumen. The transporting cells extrude K+ into an apical goblet cavity, from which it diffuses into the gut lumen via a small valve. The reasons why such a complicated cytoarchitecture envelops an ion transport process are explored.
In 1961, when epithelial physiology was a relatively young science, William Harvey, then a visiting scientist with Karl Zerahn at the Institute of Biological Chemistry of the University of Copenhagen, made a sac preparation of the midgut of a larva of the silkworm moth Samia cecropia in the manner Zerahn was using to study sodium transport by toad urinary bladder. To their surprise, the tissue developed a transepithelial potential of X00 mV. In a series of papers (reviewed in Ref. 8), Harvey, Zerahn, and their associates characterized this new transport system, showing that 1) the midgut secretes K+ at a very high rate (as much as 2 ~eqcm-zomin-l), 2) K+ secretion accounts for almost all of the short-circuit current, 3) K+ transport does not require Na+ or involve Na+-K+-adenosinetriphosphatase (ATPase), and 4) the transport process is electrogenic. Intensive study of this transport system in several laboratories had made it one Cellular basis of active K+ secretion The midgut of lepidopteran insect larvae (the caterpillar larvae of moths and butterflies) contains two major cell types (Fig. 1) . The most numerous are columnar cells possessing a tuft of apical microvilli. In addition, there are goblet cells, in which the apical membrane is invaginated to form an apical cavity.
The unusual structure of goblet cells suggested they might be responsible for active K+ secretion (4, 8) . The cavity accounts for 40-70% of the volume of the cell and contains a "matrix," suggested by histochemistry to consist of polyanion (reviewed in Ref. 5) . Goblet cells from the middle and anterior midgut are distinguishable from posterior midgut goblet cells in having larger cavities that extend further toward the basal pole of the cell.
The interior of the goblet cavity is lined with microvilli that project into the cavity. In the anterior and middle regions of the midgut, each microvillus contains a mitochondrion; this close relationship of mitochondria with the goblet cell apical membrane (GCAM) does not occur in the posterior midgut. The most apical part of the goblet cavity forms a narrow, tortuous passage surrounded by interdigitated microvilli (Fig. 1) (-20 to -40 mV) (Fig. 2) . It is not possible to distinguish two modes of Vb, and other evidence suggests that goblet cells are electrically coupled to surrounding columnar cells (9). The potential across the GCAM (Vam) is large (70-140 mV) (Fig. a) , suggesting that this is the site of the electrogenie K+ pump. Under short circuit ( Fig. 2A) , the potential of the goblet cavity relative to the luminal solution (VJ is positive by -50 mV; VP is reduced to a few millivolts under open circuit (Fig. 2B) .
Conclusive evidence for active K+ transport across the GCAM was provided by recent studies in our laboratory (9, 10). Goblet cells and goblet cavities in posterior midgut were
